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Abstract 
Submerged plants are often abundant in lowland streams in agricultural landscapes, 
but little is known of their role in stream ecosystems compared to riparian vegetation. 
We investigated the relative importance of submerged macrophytes as a basal 
resource of food webs in stream reaches with good and poor riparian vegetation 
condition, using mixing model analysis with stable carbon and nitrogen isotopes. 
Epilithic periphyton and terrestrial detritus were important basal resources in good 
condition reaches, although where macrophytes were present, they did contribute to 
food webs. Higher assimilation of either the macrophyte Cycnogeton huegelii or 
conspicuous epiphytes on C. huegelii leaves was associated with poor riparian 
condition. Where Potamogeton ochreatus and Ottelia ovalifolia occurred in poor 
condition reaches, these macrophytes contributed moderately to the food web, but 
were probably of greater importance as substrates for epiphytic algae. Mixing models 
indicated invertebrates commonly had generalist feeding strategies, feeding on the 
most available resource at each reach.  Thus where riparian vegetation is limited, 
submerged macrophytes may support opportunistic consumers both directly and as a 
substrate for epiphytes, thereby partially compensating for the loss of allochthonous 









Aquatic macrophytes strongly influence physical and chemical processes in streams 
(Carpenter and Lodge 1986; Bornette and Puijalon 2011), and provide structural 
habitat and a predation refuge for aquatic fauna (Heck and Crowder 1991; Bell et al. 
2013). They also have potential to contribute to food webs both directly in the form 
of fresh or detrital material (Jacobsen and Sand-Jensen 1994; Kornijow et al. 1995) 
and indirectly as a substrate for periphyton (Warfe and Barmuta 2006; Ferreiro et al. 
2011). However, river food web studies have often examined the relative importance 
of either terrestrial or algal inputs as the basis for stream food webs, excluding 
macrophytes, possibly because early research suggested low dependence of 
macroinvertebrates on macrophyte carbon (Hamilton et al. 1992; Bunn and Boon 
1993). 
Stable isotope studies have been valuable in comparing terrestrial detritus and algae 
as basal resources for food webs, because they usually have distinct isotopic 
signatures (Finlay 2001). The dependence of stream food webs on these two sources 
varies over a range of climatic and landscape factors (McCutchan and Lewis 2002, 
Bunn et al. 2003; England and Rosemond 2004). Terrestrial detritus is often 
important in forested streams (Power et al. 2013), with a shift to algal sources 
downstream, where slower flows rates and greater light availability increase instream 
productivity (Finlay 2001; Power et al. 2013).  
Degradation of riparian vegetation in agricultural landscapes can reduce the supply 
of detrital material (Reid et al. 2008a), while increasing light availability to the 
stream bed thereby promoting growth of macrophytes (Canfield and Hoyer 1988). In 
this situation, the presence of macrophytes may provide an important alternative food 
source in streams, sustain in-stream productivity and consequently, faunal 
biodiversity. Food resources used by stream fauna can reflect availability (Vannote et 
al. 1980; St Clair 1994) and where aquatic fauna have flexible diets (e.g. Johnston et 
al. 2011), loss of riparian resources may increase the relative importance of 
macrophytes (Deegan and Ganf 2008). 
Lowland streams can support conspicuous macrophyte growth during periods of low 
rainfall and flow (Watson and Barmuta 2011), as occur during spring and summer in 
mediterranean-climate regions, and may then subsidise food webs (Reid et al. 
2008b). River food webs in mediterranean-climate streams are generally thought to 
be based on terrestrial and algal sources rather than macrophytes (Power et al. 2013). 
However, the period of macrophyte growth in these streams corresponds with a 
period of relative hydrological stability, between winter flooding and summer drying, 
that coincides with peak biomass and diversity of aquatic fauna (Hershkovitz and 
Gasith 2013). At a time when freshwater macroinvertebrates may be preparing to 
metamorphose into aerial life stages and reproduce, or form desiccation-resistant life 
stages before streams dry out, macrophytes could provide an additional supply of 
nutritious food (Deegan and Ganf 2008; Reid et al. 2008b).   
The development of modern mixing models has facilitated the use of stable isotopes 
to examine relative contributions to animal diets from multiple sources (Moore and 
Semmens 2008; Phillips et al. 2014), and recent studies have shown that 
macrophytes can be an important basal resource in several Australian streams 
(Deegan and Ganf 2008; Reid et al 2008b; Watson and Barmuta 2011). This study 
used stable isotope analysis to examine the importance of submerged macrophytes as 
a basal source for stream food webs in reaches with varying riparian vegetation 
condition. Agricultural streams in the mediterranean-climate region of south-western 
Australia were sampled during late spring when macrophytes are abundant. We 
hypothesized that in reaches where macrophytes were present, they would contribute 
to stream food webs; and secondly, that the contribution of macrophytes would be 
greater in degraded reaches with poor riparian condition (and thus poor supply of 





All conspicuous aquatic consumers were sampled in ten study reaches located on 
five seasonally-flowing lowland streams in agricultural areas of the Geographe Bay 
catchment, approximately 250 km south of Perth in Western Australia (Fig. 4.1, 
Table 4.1). The region has a mediterranean climate, with wet winters and dry 
summers, creating a seasonal flow pattern with peak winter-spring flows followed by 
low summer-autumn flows, and frequent flow cessation. All study reaches exhibited 
seasonal flow: streams dried to pools in summer, then dried completely in late 
summer to autumn. The river systems in this study are relatively short, commencing 
with headwaters in the lateritic Whicher Range and traversing approximately 30 km, 
across deep sands and sandy loams of the Swan Coastal Plain, and discharging in 
Geographe Bay (total catchment area approximately 2000 km2). Agriculture in the 
catchment comprises mainly dairy and beef cattle grazing and there has been 
extensive clearing and loss of riparian vegetation. The natural riparian vegetation 
commonly includes an over-storey of evergreen native trees (Eucalyptus spp., 
Corymbia calophylla, Agonis flexuosa), a mid-storey of small trees and large shrubs 
(Melaleuca spp. and Taxandria spp.) and a mixed understorey of shrubs and rushes 
(common emergent rushes including Baumea, Juncus and Leptocarpus spp.).  
A pilot survey in the study area identified the occurrence of two distinct macrophyte 
assemblages in lowland reaches of these rivers, which were associated with different 
macroinvertebrate assemblages (Paice et al. in press): Cycnogeton spp. (C. huegelii 
(Endl.) and/or C. lineare (Endl.) Sond); and Potamogeton spp. (P. drummondii 
Benth. and/or P. ochreatus Raoul), often co-occurring with Ottelia ovalifolia (R. Br.) 
Rich). Liparophyllum lasiospermum ((F. Muell.) Tippery and Les) was common in 
reaches with Cycnogeton but was emergent and restricted to shallow areas. 
Cycnogeton is able to grow at greater depth than the other species and was both 
submerged and emergent in our study reaches. Potamogeton ochreatus is a 
submerged macrophyte; P. drummondii and O. ovalifolia have both submerged and 
floating leaves. The term macrophyte is used here to refer to aquatic angiosperms 
with submerged/floating-leaves and does not include emergent rushes or 
Charophytes. Although often included in studies of submerged macrophytes, 
particularly in lentic systems, charophytes in this study (Chara) were inconspicuous 
compared to stands of macrophytes and were considered separately.
  
Figure 4.1. Location of study reaches, showing the five reach types: good riparian condition, 
no macrophytes (black circles); good riparian condition, Cycnogeton huegelii (black 
squares); poor riparian condition, no macrophytes (open circles), poor riparian condition, C. 
huegelii (open squares); and poor riparian condition, P. ochreatus and O. ovalifolia 
(triangles). 
  
Table 4.1. Location and characteristics of study reaches, including riparian condition, size 
(m) and dominant streambed substratum. The study included two reaches of each reach type 
(GC: good condition, C. huegelii; GN: good riparian condition, no macrophytes; PC: poor 
riparian condition, C. huegelii; PPO: poor riparian condition, P. ochreatus and O. ovalifolia; 
and PN: poor riparian condition, no macrophytes). Good riparian condition reaches retain 
intact native vegetation, and poor riparian condition reaches have limited, degraded 





Foreshore condition assessment was completed as part of the pilot survey using a 
method widely adopted in this region (WRC, 1999; Chapter 3). This classified 
stream reaches based on riparian vegetation condition. Reaches retaining intact 
native riparian vegetation were grouped as ‘good’ condition reaches, and those with 
limited riparian vegetation were grouped as ‘poor’ condition reaches. To test the 
hypotheses, the study included reaches with riparian vegetation in both good and 
poor condition, with and without submerged macrophytes. While Cycnogeton 
occurred in both good and poor condition reaches, the Potamogeton/Ottelia 
assemblage was found only in poor condition reaches. Given the particular species 
occurring in the study reaches, reach types were classified as follows: 
(i) good riparian condition, C. huegelii (GC);  















115.18oE Carbunup River Good 
C. huegelii 
L. lasiospermum 9.05 0.29 F/G/B/P 
GC CARB3 33.75
oS 
115.19oE Carbunup River Good 
C. huegelii 
L. lasiospermum 5.6 0.25 B/F/G/P/C 
GN CARB1 33.68
oS 
115.29oE Carbunup River Good None 8.05 0.50 P/C/F/G/B 
GN IRON2 33.77
oS 
115.24oE Ironstone Gully Good None 7.9 0.29 G/F/P 
PC MARY2 33.70
oS 
115.02oE Mary Brook Poor 
C. huegelii 
L. lasiospermum 3.85 0.22 G/F/B 
PC SABI1 33.68
oS 
115.29oE Sabina River Poor C. huegelii 2.15 0.42 F/G 
PPO GREE1 33.70
oS 
115.39oE Green Gully Poor 
P. ochreatus 
O. ovalifolia 8.05 0.15 F/B 
PPO GREE2 33.69
oS 
115.37oE Green Gully Poor 
P. ochreatus 
O. ovalifolia 5.0 0.35 F 
PN SABD2 33.70
oS 
115.42oE Sabina Diversion Poor None 3.1 0.33 F/G/P/B 
PN STAT2 33.69
oS 
115.14oE Station Gully Poor None 4.1 0.18 F/G/P 
(iii)poor riparian condition, C. huegelii (PC); 
(iv) poor riparian condition, P. ochreatus and O. ovalifolia (PPO); and 
(v) poor riparian condition, no macrophytes (PN) (Table 4.1). 
Two reaches of each type (Table 4.1) were selected randomly from a larger set of 
potential sites identified in the pilot survey, and reaches with macrophytes present 
contained plant beds with at least 5% cover by area over a 20m reach. Sampling was 
undertaken in all ten reaches in late spring to early summer 2013, to coincide with 
maximum biomass for populations of submerged macrophytes, and prior to flow 
cessation. Maximum submerged macrophyte biomass occurs as a result of maximum 
growth rate, and so is the period where a significant contribution to the food web is 
most likely to occur (Cebrian and Duarte 1994). Although consumer diets can vary 
temporally (eg. Beatty 2006; Reid et al. 2008b), this study focussed on the relative 
importance of macrophytes during their peak growth period, and the tissues analyzed 
have a short metabolic turnover (Phillips et al. 2014), so represent diets during this 
period. 
Sample collection and preparation 
Potential food sources were sampled at each site: terrestrial riparian detritus (native 
rushes, trees and exotic grasses), charophytes, macrophytes (submerged and semi-
emergent angiosperms) and algae (filamentous green algae, epilithon, epiphytes). 
Periphyton was sampled separately as epilithon and epiphytes owing to the potential 
for substrate to influence stable isotope results, and an interest in their comparative 
dietary contribution.  
Epilithon, tree leaves and grass were present at all reaches, but the presence of other 
basal food web resources varied across reaches (Table 4.2). The two PC reaches 
differed in available sources: at Mary Brook, charophytes and L. lasiospermum were 
present but epiphytes were absent; Sabina River had no charophytes or L. 
lasiospermum present, but instead had conspicuous epiphytic growth on Cycnogeton 
leaves (Table 4.2). Thus separate mixing models were used for each of these reaches. 
Terrestrial sources were represented by leaves of dominant native trees collected 
from the stream bed (cleaned to remove periphyton and sediment), and freshly cut 
leaf material from riparian rushes and dominant grasses. Three replicate samples 
were combined into one sample for analysis of each terrestrial source at each reach. 
Other sources were collected and analysed in triplicate at each reach. Epilithon was 
scraped from stream-bed stones, which were first washed gently to remove sediment. 
Epiphytes were scraped from macrophytes when present. All samples were placed on 
ice in the field for transport. Where present, samples of filamentous green algae 
(attached to macrophytes or woody debris), charophytes and macrophytes were cut 
above their substrate, and washed to remove sediment and biota. In the laboratory, 
samples of epilithon, epiphytes and filamentous green algae were inspected with a 
dissecting microscope to remove detritus particles and biota (mainly small 
Chironomidae and eggs). Excess water was decanted from epilithon and epiphyte 
samples following separation using a centrifuge. All samples were frozen for storage. 
Aquatic invertebrates were collected from reaches by sweep net sampling of a 10-
metre reach for two minutes. Where this did not yield sufficient individuals for stable 
isotope analysis, additional collection with the sweep net and searching amongst 
rocks, woody debris and plants was also undertaken. Samples were live picked on 
site for thirty minutes and identified to family-level, different taxa were placed in 
separate containers of distilled water and stored on ice for transport. Following live-
picking, the remaining sample was stored on ice for further sorting of small 
organisms in the laboratory. Sampling aimed to collect sufficient biomass for three 
replicate stable isotope samples of each taxon from each site, however this was not 
possible at all sites, so taxa with sufficient material for at least one stable isotope 
sample were prepared for analysis. Cleaned individuals were kept alive in separate 
containers for 24 hours to void gut contents, with regular inspection and removal of 
waste, so that unassimilated material was excluded from analysis. Leptoceridae were 
removed from cases to avoid ingestion of case material. Organisms were then frozen 
for storage. Stable isotope samples consisted of whole animals for insects; 
gastropods with shell removed; and muscle tissue dissected from crayfish tails. 
Individuals were grouped as required to provide sufficient material for analysis.  
Fish were collected by placing fyke nets upstream and downstream of the sampling 
area prior to invertebrate and basal source sample collection. Fish samples were 
ideally composed of three individuals with three replicate samples per species per 
site. However, this number was not always obtained and single fish samples were 
common. Muscle tissue was dissected from fish for use in analysis. 
Stable isotope analysis 
Samples were dried at 60°C for 48 hours, and ground to a homogenous powder with 
a glass mortar and pestle in preparation for stable isotope analysis. Material from 
Eucalyptus leaves and rushes was further machine-ground in the laboratory. Stable 
isotope (δ15N and δ13C) and N and C content (and thus C:N ratios) were analysed 
using a continuous flow system consisting of an Automated Nitrogen Carbon 
Analyser with Sercon 20-22 mass spectrometer (SERCON, UK) (Skrzypek and Paul 
2006). Raw isotopic data were normalised to the international reference scale using 
standards provided by International Atomic Energy Agency (δ13C - NBS22, 
USGS24, USGS40, USGS41, LSVEC; δ15N – IAEA-N1, IAEA-N2, USGS40, 
USGS41) and laboratory standards (Skrzypek et al. 2010). Uncertainty associated 
with analyses (1 standard deviation) was not more than 0.20‰ for δ15N and 0.10‰ 
for δ13C. 
Fish stomach contents 
To provide additional information on fish diet for comparison with stable isotope 
analysis results, and to determine appropriate trophic levels for application of 
fractionation values, all fish kept for stable isotope analysis were also dissected to 
inspect stomach contents. Using a dissecting microscope, proportional content of 
each identifiable item (estimated percentage by volume) was recorded. Average 
results for each fish species were used to indicate potential diet for comparison to 
mixing model outputs. 
Data analysis 
Analysis of source partitioning was performed with the MixSIAR mixing model 
framework, using the user interface MixSIAR GUI statistical software R (Stock and 
Semmens 2013) to determine feasible contributions of basal resources to each 
consumer. MixSIAR is a Bayesian mixing model developed to incorporate advances 
since development of earlier models MixSIR and SIAR (Stock and Semmens 2013).  
The model framework takes into account uncertainty associated with variation in 
isotope values of both sources and consumers and in fractionation values, and 
concentration dependence (Moore and Semmens 2008; Stock and Semmens 2013). 
Separate mixing models were constructed to assess differences in food webs between 
good and poor condition reaches with and without macrophytes, corresponding with 
the five reach types described above.  
All δ13C data were normalised for lipid content using formulae provided by Post et 
al. (2007), because the study included a range of consumers with a range in C:N 
ratios, and thus variation in δ13C-depleted lipids which may bias results (Post et al. 
2007; Phillips et al. 2014). We also used concentration-dependent source data in 
mixing models due to differing C:N ratios of sources which contradicts the model 
assumption that all sources contribute equal proportions of C and N to consumers 
(Phillips and Koch 2002).  
Source data were pooled across reach types where values did not differ,  with 
analysis of variance (ANOVA) to test for differences between good and poor riparian 
condition (2 levels, fixed) and the presence/absence of macrophytes (2 levels, fixed). 
Another ANOVA with the factors: source (2 levels, fixed) and reach (2 levels, 
random) was used to determine whether isotopic signatures differed for particular 
sources within reach groupings, to enable pooling prior to use in mixing models. 
Reducing the number of sources increases the discriminatory power of mixing 
models (Phillips et al. 2005, 2014).  The same two-factor ANOVA was also used to 
compare means of C:N ratios for basal resources, followed by Tukey’s post hoc test 
for multiple comparisons of sources. All ANOVAs were checked for homogeneity of 
variance (Levene’s test) and normality (Shapiro-Wilk test). Heterogeneous variance 
was found in δ13C data for P. ochreatus and O. ovalifolia, and δ15N for epilithon and 
epiphytes in good condition reaches with Cycnogeton, and Welch’s test was used to 
compare means in these cases. 
We applied correction values for fractionation for both δ13C and δ15N from average 
meta-analysis values (and standard errors) provided by McCutchan et al. (2003), 
differentiated by consumer tissue sampled (McCutchan et al. 2003; Vanderklift and 
Ponsard 2003; Phillips et al. 2014). For whole organisms (insect and gastropod 
samples), values were 0.3‰ ± 0.14 for δ13C and 2.1‰ ± 0.21 for δ15N; and for 
muscle tissue samples (crayfish and fish) values were 1.3‰ ± 0.3 for δ13C and 2.9‰ 
± 0.32 for δ15N. Recent estimates for δ15N-fractionation from the meta-analysis of 
data from Australasian streams and rivers by Bunn et al. (2013) were considered, 
however substantially lower δ15N-fractionation would apply for invertebrates and 
result in adjusted consumer signatures outside the isospace polygon created by basal 
resources. A logical isospace is fundamental in calculating valid diet contributions 
(Fry 2013, Phillips et al. 2014).  
Because the study focussed on comparative assimilation of basal resources (rather 
than specific prey items), fractionation values were multiplied by trophic level, based 
on existing knowledge of likely consumer diet (obtained from Davis and Christidis 
(1997); and using stomach contents observations for fish diet). Herbivores and 
detritivores were assigned a trophic level of 1, including Gastropoda, Baetidae, 
Chironomidae and Simuliidae. Leptoceridae (Triplectides australis) were assigned a 
trophic level of 1.5 as shredders usually consume both tree leaves and the biofilm 
covering them, making them omnivores. Corixidae and crayfish were also assigned a 
trophic level of 1.5 due to potential for omnivory; and a trophic level of 2 was used 
for predatory insects (Odonata and Dytiscidae). Both fish species encountered fed 
mainly on insect larvae (see Results) and were assigned a conservative trophic level 
of 2, resulting in N-fractionation of 5.8 ‰ (similar to that recommended by Bunn et 
al. (2013) for predatory fish (5.7 ‰)).  
For all mixing models, the sources used created a logical isospace polygon which 
encompassed signatures of consumers. However, diffuse ranges of feasible solutions 
were common, and such unconstrained results are difficult to interpret. To provide a 
meaningful benchmark for interpreting results, basal resources having a contribution 
range with the 95th percentile greater than 50% were considered as having high 
potential contribution. Median values were also used to evaluate contributions from 
sources with wide ranges of feasible solutions. Isospace plots were also used to 




Aquatic invertebrate consumers present in all reach types were: Chironomidae 
(Chironomus), Corixidae and Dytiscidae. Other common taxa were: Gastropoda 
(Physidae and Planorbidae), Ephemeroptera (Baetidae), Diptera (Simuliidae), 
Trichoptera (Leptoceridae: T. australis) and Odonata (Coenagrionidae, Aeshnidae 
and Corduliidae). Families within Gastropoda and within Odonata were grouped 
because they had similar isotopic signatures. A single species of freshwater crayfish 
(Parastacidae: Cherax quinquecarinatus) was present in all reach categories. Two 
native fish species were collected: the Western Minnow Galaxias occidentalis 
(Ogilby 1899) was present in all reach types; and the Western Pygmy Perch 
Nannoperca vittata (Castelnau, 1873) was found in all reaches except the Sabina 
River and poor condition reaches with no macrophytes. The two poor condition 
reaches with C. huegelii, which differed in basal resources, had several consumer 
taxa in common but these differed considerably in isotopic signatures, emphasising 
the need to analyse these reaches separately. 
Fish diet 
Fish stomach contents varied among sites, with one type of prey item often dominant 
in each fish examined. Microcrustaceans (Cladocera and Ostracoda) were common 
prey items of N. vittata, while rare in G. occidentalis, although large numbers of 
Ostracoda were found in stomachs of both fish species in one good condition reach. 
Dytiscidae were rare in N. vittata but were common in G. occidentalis, particularly in 
good condition reaches and terrestrial insect parts were also found in G. occidentalis 
samples from these reaches. Insect larvae, predominantly Chironomidae, Simuliidae, 
Lepidoptera and Culicidae, were the most common prey item overall for both fish 
species (Fig. 4.2).  
Basal Resources 
Basal resource C:N ratios in stream reaches did not differ with riparian condition or 
macrophyte presence. Native terrestrial sources had substantially higher and more 
variable C:N ratios than all autochthonous resources and exotic grasses (Table 2). All 
instream resources had similar C:N ratios, and values for exotic grasses were similar. 
Tukey’s post hoc tests showed that both trees and rushes had significantly higher 
C:N than all other sources (P < 0.01), and other sources did not differ (P > 0.39).  
Isotope values for C. huegelii varied significantly with riparian condition (δ13C: F1,10 
= 19.0, P = 0.001; δ 15N:  F1,10 = 29.9, P < 0.001, Table 2), so data could not be 
pooled across reach types.  Liparophyllum lasiospermum co-occurred with C. 
huegelii at most reaches (Table 1), and the two species did not differ significantly in 
isotope values or C:N ratio (δ13C: F1,14 = 8.79, P = 0.097; δ 15N: F1,14 = 0.17, P = 
0.723; C:N: F1,14 = 2.66, P = 0.244), so data were aggregated for these two species 
within reach type.    
Potamogeton ochreatus and O. ovalifolia occurred only in poor condition reaches, 
and were enriched in both δ13C and δ 15N compared to C. huegelii when growing in 
poor condition reaches (Table 2). These species did not differ significantly in C:N 
ratio (F1,8 = 2.81, P = 0.236) or isotope values (δ13C: F1,5.8 = 5.8, P = 0.054 (Welch); 
δ 15N: F1,8 = 29.8, P = 0.115). Thus combining these functionally similar species was 
appropriate prior to mixing model analysis.   
Epilithon was collected at all reaches, and values for δ13C varied substantially among 
reach type (Table 2). Epilithon was enriched in δ13C (F1,23 = 12.8, P = 0.002) in PPO 
and PN reaches. It was also δ15N-enriched in these reaches (condition x macrophytes: 
F1,23 = 13.9, P = 0.001). In GC reaches, epilithon and epiphytes did not differ in 
stable isotope values (δ 13C: F1,8 = 32.08, P = 0.111; δ 15N: F1,5.5 = 1.09, P = 0.34 
(Welch)) or C:N ratio (F1,8 = 6.99, P = 0.23) and these sources were pooled for 
mixing model analysis. 
Filamentous algae were conspicuous in PPO and PN reaches, and were enriched in δ 
13C relative to other in-stream producers (Table 2). Filamentous algae were enriched 
in both δ 13C and δ 15N (F1,7 = 88.6, P < 0.001; F1,7 = 68.7, P < 0.001, respectively) in 
reaches with macrophytes compared to those without. 
Charophytes (Chara) were found in all good condition reaches, PN reaches, and one 
PC reach (Table 3). Samples were not identified beyond genus, and while only one 
species occurred in each reach, species may have differed between reaches. 
Charophytes were depleted in δ13C in poor condition reaches relative to those in 
good condition (F1,7 = 57.6, P < 0.001, Table 2). Replicate samples within some 
reaches varied in δ15N, and there was no significant difference in δ15N between reach 
types.  
Leaves of Corymbia calophylla and Agonis flexuosa had isotopic signatures distinct 
from other basal resources, and varied little across reaches. Isotope values did not 
differ between reach condition (δ13C: F1,1 = 14.9, P = 0.163; δ15N: F1,1 = 0.06, P = 
0.607; Table 2) or species (δ13C: F1,7 = 14.5, P = 0.161; δ15N: F1,1 = 0.03, P = 0.364). 
All data for tree leaves was therefore pooled for mixing model analysis. Native 
riparian rushes (Baumea and Leptocarpus) were present only in good condition 
reaches and showed no difference in isotopic values between species (δ13C: F1,4 = 
2.7, P = 0.177; δ 15N: F1,4 = 5.3, P = 0.083). All data for these plants were therefore 
aggregated for mixing model analyses for reaches where they occurred. 
Grasses were present at all reaches, but differed in dominant species and cover. In 
good condition reaches, grasses were present at low density and included various 
exotic pasture species (Paspalum sp., Phalaris sp.), while in poor condition reaches 
stoloniferous perennial exotic grasses (Pennisetum clandestinum, Cynodon dactylon) 
formed dominant understorey components, in some cases growing within the stream 
channel. Isotope values of grasses were notably different between good and poor 
condition reaches (Table 2), with significant enrichment for both δ13C and δ 15N in 
poor condition reaches (F1,10 = 267.3, P < 0.001; F1,10 = 16.9, P = 0.002 
respectively). Results for δ13C suggest presence of C-3 grasses in good condition 
reaches and C-4 grasses in poor condition reaches (O’Leary 1981). Isotope data for 








Table 4.2. Carbon-nitrogen ratios for each basal resource and mean stable isotope values 
(‰, ± standard deviation) for resources within each reach type (as for Table 4.1). Dashes 




Figure 4.2. Stomach contents of Galaxias occidentalis and Nannoperca vittata, as average 
percentage of volume from samples pooled across all study reaches.  
  Reach type 
  GC GN PC PPO PN 


































































































































































Mixing model outputs 
Good condition, no macrophytes (GN) 
In GN reaches, rushes and epilithon had potentially high importance as food web 
resources (Table 4.3), however their isotopic signatures were within the isospace of 
other sources (Fig. 4.3a) so the mixing model found a wide range of possible 
contributions to consumer diets (diffuse solutions). Median values indicated most 
invertebrates were more reliant on rushes, but Odonata (Aeshnidae and Corduliidae) 
and G. occidentalis assimilated more epilithon (Table 4.3). Tree-leaf detritus was an 
important resource for Dytiscidae. Planorbid gastropods and C. quinquecarinatus had 
relatively equal contributions from all sources other than grass. Nannoperca vittata 
was depleted in δ13C and had relatively low reliance on terrestrial resources, with 
highest feasible contributions coming from epilithon and charophytes. 
Good condition, C. huegelii (GC) 
In GC reaches, epilithon/epiphytes and rushes were isotopically similar (Fig. 4.3b), 
resulting in comparable feasible contributions that showed both were important 
resources (Table 4.3). Mixing model output suggested only a moderate contribution 
from macrophytes as a basal resource for most taxa, with highest contributions found 
for Gastropoda, Simuliidae, Odonata, C. quinquecarinatus and G. occidentalis 
(Table 4.3, Fig. 4.4a). Most consumers appeared dependent on both terrestrial 
detritus and in-stream production, although Planorbidae had greater reliance on 
autochthonous resources; and terrestrial resources (leaves and grass) were most 
important for Corixidae and Dytiscidae (Table 4.3, Fig. 4.3b).  
Poor condition, C. huegelii (PC) 
In Mary Brook, macrophytes had higher potential dietary contribution for all 
consumers compared with good condition reaches, with the exception of Dytiscidae 
(Fig. 4.4b), which were again dependent on tree-leaf detritus (Table 4.3, Fig. 4.3c,d). 
This was the only reach in which macrophytes were a likely basal resource for 
Corixidae (Fig. 4.4, Table 4.3). Although model outputs were diffuse (Table 4.3), 
they indicated macrophytes as an important basal resource for all macroinvertebrates 
other than Dytiscidae, and for fish, and of moderate importance for C. 
quinquecarinatus (Fig. 4.4b). Epilithon also potentially contributed to diets of 
consumers associated with macrophytes (Table 4.3). In addition to Dytiscidae, tree-
leaf detritus appeared important for Baetidae and C. quinquecarinatus (Table 4.3).  
In the Sabina River reach, importance of C. huegelii to diets was generally lower 
than in good condition reaches. Potentially high contributions were indicated for C. 
quinquecarinatus and G. occidentalis (Table 4.3, Fig. 4.4c), and epiphytes on 
macrophytes were a significant resource for most taxa (Table 4.3, Fig. 4.4). Cherax 
quinquecarinatus and G. occidentalis assimilated a wide range of resources, and 
were enriched in δ15N relative to other reaches (Fig. 4.3d). Epiphytes in this reach 
were also δ15N-enriched compared with good condition reaches. Triplectides 
australis had similar contributions from all sources in this reach, but a constrained 
high result for grass confirmed its importance and may reflect high abundance (288) 
of individuals encased in pieces of grass stem at this reach. Grass was of low 
importance for other macroinvertebrate taxa. Dytiscidae were relatively depleted in 
δ15N (Fig. 4.3d), and were again dependent on tree leaves as a basal resource for 
much of their diet (69-100%). 
Poor condition, P. ochreatus and O. ovalifolia (PPO)  
In PPO reaches, macrophytes had moderate ranges of potential contribution to 
primary consumers (Table 4.3, Fig. 4.3e). However, results were similar or lower 
than for macrophytes in GC reaches, and much lower than for C. huegelii in Mary 
Brook (Fig. 4.4). Epilithon was a significant resource for most consumers, 
particularly both fish species (Table 4.3). Dytiscidae and Corixidae had very high 
contributions from tree-leaf detritus. Grass was apparently a more important basal 
resource for invertebrates here than in other reaches, but had very low contribution 
for fish (Table 4.3). Filamentous algae had moderate potential contribution to several 
consumers (Table 4.3), and high δ13C values of consumers in these reaches also 
suggests assimilation of this δ13C-enriched resource (Fig. 4.3e). 
Poor condition, no macrophytes (PN) 
In PN reaches, potential basal resources included epilithon, filamentous algae, 
charophytes, native tree detritus and exotic grasses. Source isotopic signatures were 
well-separated (Fig. 4.3f) however many mixing model solutions were nonetheless 
diffuse (Table 4.3). Together with the location of mean consumer isotope values in 
the centre of the isospace polygon (Fig. 4.3f), this suggests omnivory and flexible 
diets among consumers. Tree detritus was a major basal resource, and more 
important than in poor condition reaches with macrophytes, although epilithon was 
also important for several taxa (Table 4.3). Chironomidae differed considerably in 
δ13C values between the two reaches (mean values 19.9 and 26.6 ‰) and while the 
mixing model used pooled data and indicated reliance on both epilithon and 
filamentous alga, these organisms were most likely feeding on one or the other in 
these reaches and this may represent variation between species.  
  
Table 4.3. Feasible potential contributions of basal resources to consumers’ diets in reaches 
varying in riparian condition and macrophyte assemblage. Ranges are 90% credible intervals 
(5-95 percentile ranges) with median contribution in parentheses, determined using 
MixSIAR mixing models. Food web resources with high potential contribution are indicated 
in bold type (95 percentile >50%). 
Good condition, no macrophytes: 
 Epilithon Charophyte Tree Rush Grass 
Gastropoda 2-55 (19) 3-41 (18) 1-40 (14) 3-66 (30) 1-27 (9) 
Chironomus 0-95 (6) 0-25 (1) 0-34 (2) 0-100 (60) 0-30 (8) 
T. australis 0-99 (11) 0-33 (3) 0-34 (4) 0-100 (51) 0-27 (5) 
Corixidae 0-94 (10) 0-39 (4) 0-28 (3) 0-100 (59) 0-19 (2) 
Dytiscidae 0-99 (18) 0-31 (2) 0-65 (23) 0-71 (19) 0-33 (5) 
Odonata 0-100 (78) 0-40 (2) 0-64 (1) 0-85 (1) 0-24 (0) 
C. quinquecarinatus 2-56 (21) 7-42 (23) 3-55 (26) 1-42 (12) 1-26 (9) 
N. vittata 0-80 (26) 18-68 (45) 0-30 (5) 1-45 (8) 0-14 (2) 
G. occidentalis 0-100 (35) 0-36 (2) 0-62 (6) 0-76 (6) 0-38 (3) 












Gastropoda 3-36 (18) 2-43 (16) 18-51 (36) 1-20 (7) 1-37 (14) 0-11 (3)  
Baetidae 0-34 (7) 0-71 (15) 0-44 (17) 0-41 (10) 0-80 (16) 0-24 (9) 
Chironomus 0-37 (8) 0-53 (10) 0-25 (5) 0-64 (12) 0-57 (12) 1-50 (26) 
Simuliidae 0-38 (13) 0-56 (14) 0-28 (7) 0-40 (11) 1-79 (24) 1-27 (12) 
Corixidae 0-17 (3) 0-33 (6) 0-25 (7) 1-89 (19) 0-35 (7) 1-62 (39) 
Dytiscidae 0-34 (3) 0-58 (4) 0-27 (2) 0-69 (4) 0-49 (3) 3-77 (47) 
Odonata 0-44 (10) 1-94 (16) 0-35 (4) 0-32 (3) 5-100 (26) 0-16 (2) 
C.quinquecarinatus 2-28 (12) 1-42 (15) 1-27 (11) 2-45 (19) 2-48 (19) 3-28 (15) 
N. vittata 0-26 (0) 0-100 (87) 0-29 (0) 0-17 (0) 0-96 (1) 0-10 (0) 
G. occidentalis 0-35 (6) 0-77 (14) 0-21 (1) 0-72 (11) 0-75 (6) 6-38 (19) 
Poor condition, C. huegelii (Mary Brook): 
 Macrophyte Epilithon Charophyte Tree Grass 
Baetidae 0-100 (35) 0-72 (11) 0-42 (6) 0-61 (13) 0-13 (1) 
Chironomus 0-100 (26) 0-100 (16) 0-58 (8) 0-49 (6) 0-17 (2) 
Corixidae 0-100 (28) 0-95 (17) 0-43 (5) 0-45 (9) 0-17 (2) 
Odonata 0-100 (1) 0-100 (4) 0-100 (4) 0-76 (0) 0-5 (0) 
Dytiscidae 0-2 (0) 0-41 (1) 0-19 (1) 54-100 (83) 0-3 (0) 
C. quinquecarinatus 1-47 (13) 1-46 (14) 5-57 (31) 3-65 (30) 0-10 (3) 
N. vittata 0-87 (14) 0-81 (12) 0-61 (31) 0-51 (17) 0-13 (3) 
G. occidentalis 0-80 (1) 0-87 (14) 0-19 (1) 0-28 (5) 5-35 (20) 
Poor condition, C. huegelii  (Sabina River): 
 Macrophyte Epiphyte Epilithon Tree Grass 
Gastropoda 0-22 (6) 50-87 (71) 1-36 (11) 0-15 (4) 0-7 (2) 
Baetidae 0-17 (0) 72-100 (99) 0-36 (0) 0-11 (0) 0-3 (0) 
Chironomus 0-56 (0) 0-100 (90) 0-100 (0) 0-19 (0) 0-7 (0) 
T. australis 0-63 (2) 0-50 (0) 0-69 (1) 0-57 (4) 15-58 (42) 
Corixidae 0-11 (0) 58-100 (99) 0-27 (0) 0-5 (0) 0-2 (0) 
Dytiscidae 0-16 (0) 0-19 (0) 1-23 (0) 69-100 (91) 0-3 (0) 
Odonata 0-31 (0) 0-100 (89) 0-94 (0) 0-18 (0) 0-3 (0) 
C. quinquecarinatus 2-59 (20) 2-57 (24) 2-58 (19) 1-42 (13) 1-26 (10) 
G. occidentalis. 2-55 (21) 1-37 (14) 2-54 (20) 2-39 (19) 4-34 (18) 
 
Table 3. cont. 
Poor condition, P. ochreatus and O. ovalifolia: 
 Macrophyte Epilithon Filamentous  Tree Grass 
Gastropoda 3-49 (27) 2-62 (18) 2-40 (16) 2-29 (14) 6-32 (19) 
Chironomus 2-33 (15) 1-53 (17) 2-46 (17) 2-23 (11) 13-52 (33) 
Simuliidae 2-34 (15) 2-51 (18) 2-50 (21) 2-22 (11) 10-50 (29) 
T. australis 0-48 (13) 0-78 (13) 0-45 (4) 0-27 (7) 12-59 (37) 
Corixidae 0-12 (2) 0-55 (6) 0-16 (2) 39-86 (73) 0-22 (8) 
Dytiscidae 0-7 (1) 0-38 (3) 0-16 (3) 48-81 (72) 1-26 (15) 
Odonata 0-31 (5) 0-78 (13) 0-53 (16) 1-37 (23) 5-52 (27) 
C. quinquecarinatus 2-40 (15) 2-53 (18) 2-39 (16) 9-44 (28) 3-33 (16) 
N. vittata 0-61 (0) 0-100 (100) 0-5 (0) 0-40 (0) 0-3 (0) 
G. occidentalis 0-44 (0) 0-100 (100) 0-12 (0) 0-54 (0) 0-6 (0) 
Poor condition, no macrophytes: 
 Epilithon Filamentous Charophytes Tree Grass 
Gastropoda 1-53 (16) 0-30 (11) 0-42 (10) 16-70 (49) 0-19 (5) 
Baetidae 1-43 (12) 4-25 (9) 0-44 (1) 22-76 (54) 0-20 (6) 
Chironomus 1-80 (21) 1-79 (38) 0-26 (6) 0-33 (13) 0-29 (8) 
Simuliidae 0-60 (12) 0-29 (8) 0-56 (10) 5-83 (51) 0-21 (5) 
T. australis 0-65 (8) 0-32 (4) 0-53 (9) 1-81 (55) 0-28 (6) 
Corixidae 0-47 (6) 0-13 (2) 0-64 (22) 12-78 (58) 0-12 (2) 
Dytiscidae  1-20 (7) 0-11 (3) 1-22 (6) 56-86 (76) 1-12 (5) 
C. quinquecarinatus 1-47 (16) 2-46 (19) 2-42 (19) 3-46 (22) 3-32 (17) 







Figure 4.3. (Opposite page) Isospace plots of δ13C and δ15N signatures (mean + SE) of 
sources (open circles) and consumers (filled circles) for each reach type, and separately for 
poor condition reaches with C. huegelii: (a) GN - good condition, no macrophytes; (b) GC - 
good condition, C. huegelii; (c) PC - poor condition, C. huegelii, Mary Brook; (d) PC - poor 
condition, C. huegelii, Sabina River; (e) PPO - poor condition, P. drummondii and O. 
ovalifolia; (f) PN - poor condition, no macrophytes. Consumers are labelled: Gp – 
Gastropoda; Ch – Chironomidae; Bt – Baetidae; Lc – Leptoceridae; Si – Simulidae; Cx – 
Corixidae; Ds – Dytiscidae; Od – Odonata; Cq – Cherax quinquecarinatus; Go – Galaxias 
occidentalis; Nv – Nannoperca vittata. Consumer isotope values have been corrected for 




Figure 4.4. Potential contribution ranges of macrophytes (solid grey bars) as a basal resource 
to consumer diets in reaches with good condition riparian vegetation and C. huegelli (a), 
poor condition riparian vegetation and C. huegelli without (b) and with (c) epiphytes (white 
bars), and with poor condition riparian vegetation and P. drummondii and O. ovalifolia (d). 
Boxplots show median (line), 25-75 percentile range (box) and 5-95 percentile range 
(whiskers). 
Discussion 
This study included all potential basal food sources in an effort to gain understanding 
of the relative contribution of macrophytes in seasonally-flowing lowland streams. 
The results suggest that macrophytes can make a considerable contribution to these 
food webs both directly and through supporting epiphyte growth; particularly in 
reaches where riparian vegetation is in poor condition, and thus supplies little leaf 
litter to streams. Interpretation of results was sometimes limited by factors such as 
uncertainty arising from unconstrained mixing model outputs that occurs due to lack 
of clear isotopic distinction between sources. This is a common problem in 
freshwater systems where there are multiple potential sources (Phillips and Gregg 
2003; Phillips et al. 2014). Conversely, good separation between sources did not 
always achieve constrained solutions, because consumer signatures were positioned 
centrally in the isospace polygon (Fry 2013). However, while overlapping signatures 
may be difficult to interpret, they may also reflect opportunistic feeding by aquatic 
fauna depending on resource availability (Leigh et al. 2010; Blanchette et al. 2014). 
Many Australian stream invertebrates are generalists (Chessman 1986; St Clair 
1994), and opportunistic foraging may increase resilience in seasonally-flowing 
streams where availability of resources fluctuates (Leigh et al. 2010). 
Macroinvertebrates 
Our first hypothesis, that macrophytes would contribute to food webs when present 
in reaches with good riparian vegetation, was supported to some extent, with 
moderate assimilation by primary consumers and Odonata. However, they generally 
had lower importance than shown previously (Reid et al. 2008a), and terrestrial and 
algal sources (epilithon, epiphytes) were significant energy sources regardless of the 
presence of macrophytes. The Leptoceridae are an interesting trichopteran family 
including algal grazing, shredding and predatory species. The species collected in 
this study, T. australis, are shredders, as shown by their use of cases made of tree 
leaves, macrophytes or grass stems. Unfortunately, Leptoceridae were not found in 
good condition reaches with macrophytes, so could not be compared with other 
Australian studies, which have found high assimilation of Cycnogeton by these 
caddisflies in forested reaches (Deegan and Ganf 2008; Reid et al. 2008b; Watson 
and Barmuta 2011). However, T. australis did have a potentially high contribution 
from macrophytes to their diet in all poor-condition reaches, as previously observed 
for reaches with low riparian detritus inputs (Deegan and Ganf 2008). High 
assimilation of grasses in some reaches appeared to reflect a flexible diet that 
depends on whichever form of coarse detrital material is most abundant at a reach (St 
Clair 1994). Greater assimilation of exotic grasses compared with native 
macrophytes may be a result of grass stems providing more suitable case materials, 
with both sources having a similar nutritional value, as indicated by C:N ratios.   
For other macroinvertebrates, the potential contribution of C. huegelii/L. 
lasiospermum to diets in poor condition reaches was dependent on the presence of 
epiphytes. In the absence of (obvious) epiphytes, macrophyte assimilation was higher 
than in good condition reaches and potentially significant for all invertebrate 
consumers except Dytiscidae, which had strong dependence on tree detritus. These 
results partially supported our second hypothesis of greater assimilation of 
macrophytes into stream food webs when riparian vegetation is degraded, but also 
showed that macrophytes have an important role as substrates for epiphytic algal 
growth, which is assimilated in preference to macrophyte tissue by most consumers 
(where present).  
In poor condition reaches where epiphytes were conspicuous, the contribution of 
macrophytes to consumer diets was lower (e.g. Sabina River), although they were 
potentially an important food for Chironomidae and Leptoceridae. The higher 
abundances of aquatic invertebrates often associated with macrophytes (Bell et al. 
2013) can be related to epiphyte biomass (Ferreiro et al. 2011). Here, assimilation of 
δ15N-enriched epiphytes by most consumers was very high, and corresponding 
enrichment of consumer δ15N compared to other reaches provides further evidence 
that they were assimilating this resource (Bergfur et al. 2009). Enrichment of δ15N in 
periphyton is common in cleared catchments (Udy and Bunn 2001; Chessman et al. 
2009) and can result from preferential use of 14N when nitrogen is present in excess 
(Peterson and Fry 1987). The Sabina River had the highest nitrogen concentrations of 
all streams included in this study (owing to diffuse agricultural sources) with a long 
term median value of 2700 µg/L (DoW (2010); more than 2.5 times local ecosystem 
protection guidelines (ANZECC and ARMCANZ 2000). Epilithon and tree detritus 
also had notably lower contribution to consumer diets in the presence of epiphytes. 
However, although macrophytes and their epiphytes were important, consumers were 
not dependent on them, and also assimilated other basal resources (epilithon, 
charophytes, tree detritus), indicating the potential for flexible, generalist feeding 
depending on resource availability (St Clair 1994, Leigh et al. 2010, Blanchette et al. 
2014).  
While P. ochreatus and O. ovalifolia were likely contributors to the diet of most 
consumers in poor condition reaches, epilithon was the most important basal 
resource in these reaches, particularly for native fish. Lower assimilation of 
macrophytes in this assemblage than of C. huegelii/L. lasiospermum is consistent 
with the findings of Watson and Barmuta (2011), that Cycnogeton was preferred over 
Potamogeton in both stable isotope and feeding trial results in another Australian 
river system. However in Europe, Potamogeton can be an important food source 
(Jacobsen and Sand-Jensen 1994), particularly for aquatic snails (Elger et al. 2002). 
Although epiphytes were not apparent on the P. ochreatus and O. ovalifolia 
assemblage sampled here, morphologically complex assemblages such as this can 
provide important substrate for epiphytes (Warfe and Barmuta 2006; Ferreiro et al. 
2011). The assimilation of grass by several invertebrates was surprising, given that 
aquatic invertebrates are usually thought to avoid C-4 plants (Clapcott and Bunn 
2003; Jardine et al. 2013). Lower contributions for tree detritus may reflect its 
relative scarcity (Vannote et al. 1980; Reid et al. 2008a) and indicate opportunistic 
feeding by consumers (St Clair 1994; Blanchette et al. 2014).  
The two invertebrate predators in this study showed very different patterns of 
resource dependence. Basal resources assimilated by Odonata reflected the primary 
consumers collected, indicating that they were prey for the odonates. In contrast, 
adult Dytiscidae showed consistent dependence on terrestrial detritus, indicating that 
they were preying on consumers that we did not collect which were feeding on tree 
leaf-litter (for example, detritivorous Chironomidae dwelling in leafpacks). In 
particular, constrained results in poor condition reaches indicated high dependence of 
Dytiscidae on tree litter, despite likely lower availability of this resource compared to 
good condition reaches. Similar dependence on tree litter was also indicated for 
Corixidae in some reaches. Some research in the Australian dry tropics has also 
shown consistent importance of terrestrial detrital inputs as a source of carbon for 
Dytiscidae at varying levels of canopy cover (Blanchette et al. 2014). Allochthonous 
detritus has also been shown to be the main food source for a range of primary 
consumers at low riparian cover in alpine areas (McCutchan and Lewis 2002). An 
alternative explanation is that the fractionation values applied to these beetles were 
incorrect. While the lower δ15N fractionation values provided by Bunn et al. (2013) 
did not seem applicable for this study (because they did not create a logical 
isospace), it is possible that they were more applicable for this family. 
Crayfish 
The freshwater crayfish C. quinquecarinatus appeared to be a flexible omnivore in 
these streams. It showed moderate assimilation of macrophyte material regardless of 
reach condition, but had similar and overlapping contributions from a range of basal 
resources in all sampled reaches.  In PC reaches, it did not show the high dependence 
on epiphytes observed for other taxa, but did have a high contribution from 
macrophytes. Variation in δ15N between reach types was apparent for C. 
quinquecarinatus, and although this may indicate trophic flexibility (Beatty 2006), in 
this study it more likely reflects general enrichment of basal resources (Johnston et 
al. 2011), indicated by δ15N values for macrophytes, epiphytes and filamentous algae 
in poor condition reaches. Others have found preferences by Cherax spp. for 
macrophytes, (Bunn and Boon 1993, Thorp et al. 1998), even when potentially 
feeding at a higher trophic level (Reid et al. 2008b). 
Native fish 
In good condition reaches, native fish species were highly dependent on epilithon, 
both in the presence and absence of macrophytes. While epilithon continued to be 
important in poor condition reaches, assimilation of macrophyte material was greater 
than in good condition reaches. Results for fish were not always consistent with 
those for primary consumers, however this is not surprising given the variability in 
isotopic values of potential prey items. Galaxiid fishes are opportunistic feeder, with 
diet dependent on prey availability (McHugh et al. 2012), but which include drift-
feeding at the water surface on terrestrial insects, whereas pygmy perch are mainly 
benthic feeders. Stomach contents in the present study indicated that although G. 
occidentalis and N. vittata diets varied, they were distinct because Galaxias’ diet 
included nekton and terrestrial insects whereas Nannoperca consumed benthic 
detritus. Consistent importance of macrophytes and their epiphytes in poor condition 
reaches may indicate that these fish were feeding on prey within macrophyte habitat, 
as well as the variable consumption of these resources (and epilithon) by prey. The 
dependence by fish on in-stream resources indicated by our study contrasts with the 
dependence on allochthonous resources reported by Reid et al. (2008b) for 
Nannoperca australis and Galaxias olidus in forested reaches. However, Reid et al. 
(2008b) also showed that Cycnogeton was an important carbon source for N. 
australis during summer, perhaps reflecting increased availability of this resource, or 
increased time spent by this small fish amongst complex habitat in declining pools.  
Conclusions and management implications 
Given the demonstrated importance of allochthonous detritus and algae as carbon 
sources in rivers and streams elsewhere (Finlay 2001; McCutchan and Lewis 2002; 
Bunn et al. 2003), we did not anticipate macrophytes to be the dominant basal 
resource in our study, but did hypothesize that they would contribute to food webs 
and might provide an alternative resource when supplies of allochthonous detritus 
were limited owing to degraded riparian zones. We found support for this hypothesis, 
both in terms of direct contribution of macrophyte material, and through the 
provision of substrate for epiphytes. There is increasing acceptance of periphyton as 
a key resource for river food webs (Delong and Thorp 2006; Jardine et al. 2013) and 
this was apparent in our study. Where isotopic signatures were distinct, epiphytes 
were equally or more important than epilithon as a food resource, suggesting that 
plant surfaces provide valuable substrate for biofilm growth.  
Our results indicate opportunistic feeding by consumers in degraded reaches, which 
is likely to be particularly important for survival in seasonally-flowing lowland 
streams with degraded riparian vegetation. The presence of macrophytes in streams 
with reduced riparian-detritus inputs may provide an alternative resource in these 
streams because there are taxa able to switch between different food sources. Indeed, 
only one family (Dytiscidae) in this study showed no flexibility in assimilated diet.  
This study highlights the importance of macrophytes in food webs of streams with 
degraded riparian vegetation, and suggests they may be valuable in reach-scale 
stream restoration. However, submerged macrophytes are rarely considered in stream 
restoration, which often focuses on stream channel modification and riparian 
revegetation (Palmer et al. 2014). This is despite their potential to support ecosystem 
processes in addition to food resources, particularly structural habitat (Warfe and 
Barmuta 2006; Strayer and Malcom 2007).  While riparian vegetation is considered 
vital for healthy stream metabolism (Bunn et al. 1999, Davies 2010), revegetation 
takes decades for tree growth to provide the services of mature native stands (Becker 
and Robson 2009). Submerged macrophytes grow rapidly, so are able to provide a 
seasonally-important resource for many taxa in a short time-frame (months) that may 
complement longer term revegetation goals. Even where pre-disturbance conditions 
did not include macrophytes as significant stream components, they may be valuable 
in achieving functional ecosystem restoration provided there is acceptance of an 
alternative recovery endpoint for restoration (Lake et al. 2007). 
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